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Clinical PerspectiveWhat Is New?Although the SHARP (Study of Heart and Renal Protection), AURORA (A Study to Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An Assessment of Survival and Cardiovascular Events), and 4D (Deutsche Diabetes Dialyse Studie) clinical trials showed the relationship of statin therapy with cardiovascular outcomes across different stages of chronic kidney disease, the association of statin use in late‐stage chronic kidney disease with post--end‐stage renal disease transition outcomes has not previously been demonstrated.Herein, we demonstrate, among a cohort of US veterans transitioning to end‐stage renal disease, the benefit of statin therapy before transition with posttransition mortality and hospitalization outcomes.What Are the Clinical Implications?This analysis supports current guidelines, which indicate treatment of statin therapy for patients with late‐stage kidney disease and potentially transitioning to end‐stage renal disease.

Introduction {#jah33964-sec-0008}
============

Dyslipidemia is an established risk factor for cardiovascular events and mortality in the general population,[1](#jah33964-bib-0001){ref-type="ref"} and cholesterol‐lowering drugs, especially statins, have been shown to improve outcomes among such patients at risk of cardiovascular events. Chronic kidney disease (CKD) is a progressive and irreversible condition associated with a high risk of cardiovascular morbidity and mortality,[2](#jah33964-bib-0002){ref-type="ref"} and current guidelines recommend treatment with statins irrespective of cholesterol levels and kidney function among adult patients with non--dialysis‐dependent (NDD) CKD.[1](#jah33964-bib-0001){ref-type="ref"}, [3](#jah33964-bib-0003){ref-type="ref"}, [4](#jah33964-bib-0004){ref-type="ref"} The benefits of statin therapy in patients with NDD‐CKD were observed in the subgroup analysis of the SHARP (Study of Heart and Renal Protection) trial,[5](#jah33964-bib-0005){ref-type="ref"} in which the statin combined therapy (ie, simvastatin plus ezetimibe), compared with placebo, reduced the risk of major atherosclerotic events by 22% among 6247 patients with NDD‐CKD. The SHARP trial also included 3023 maintenance dialysis patients, but the cardiovascular benefit of the statin combined therapy was not clearly observed in this dialysis patient subgroup. Given these observations, along with the results from the other clinical trials,[5](#jah33964-bib-0005){ref-type="ref"}, [6](#jah33964-bib-0006){ref-type="ref"}, [7](#jah33964-bib-0007){ref-type="ref"} the current guidelines do not recommend initiating statin therapy in patients already receiving maintenance dialysis.[1](#jah33964-bib-0001){ref-type="ref"}, [3](#jah33964-bib-0003){ref-type="ref"}, [4](#jah33964-bib-0004){ref-type="ref"}

In the SHARP trial, however, patients with NDD‐CKD who transitioned to dialysis during the follow‐up period were analyzed as part of the NDD‐CKD group rather than separately. Therefore, it remains unclear whether the benefits of statin therapy observed in the NDD‐CKD group persisted after transition to end‐stage renal disease (ESRD) (ie, benefits of pre‐ESRD statin use on post‐ESRD outcomes). Thus, in a large cohort of US veteran patients transitioning to ESRD, we examined the associations of statin therapy in the year before transition with posttransition 12‐month mortality risk and hospitalization rate.

Methods {#jah33964-sec-0009}
=======

Study Population and Data Source {#jah33964-sec-0010}
--------------------------------

We retrospectively examined data from the Transition of Care in Chronic Kidney Disease US Renal Data System (USRDS) Special Study Center, which is focused on investigating the transition to renal replacement therapy among patients with incident ESRD.[2](#jah33964-bib-0002){ref-type="ref"}, [8](#jah33964-bib-0008){ref-type="ref"}, [9](#jah33964-bib-0009){ref-type="ref"} The USRDS identified the source cohort of 85 505 veterans who transitioned to renal replacement therapy from October 1, 2007, to March 30, 2014. We excluded 1958 patients for missing censor information; 25 792 patients for missing prescription medication information in the 1 year before ESRD transition; and 10 035 patients for receiving less than half of a year of statin prescription. The final cohort was composed of 47 720 veterans with incident ESRD, of whom 22 151 were not prescribed pre‐ESRD statin therapy and 25 569 were prescribed pre‐ESRD statin therapy (Figure [S1](#jah33964-sup-0001){ref-type="supplementary-material"}).

This study was approved by the Tibor Rubin and Memphis Veterans Affairs Medical Centers' Institutional Review Boards. The written consent requirement was waived given the large sample size, patient anonymity, and nonintrusive nature of this study. The data and study materials cannot be made available to other researchers for purposes of reproducing the results or replicating the procedure given that data are provided under contract with the US Department of Veterans Affairs (VA) and are at its disposal. Hence, this center may not override the contractual agreements. Additional details about the analytical methods can be provided on request.

Demographics and Clinical Measurements {#jah33964-sec-0011}
--------------------------------------

Baseline characteristics were developed from the combination of 3 national databases: USRDS, VA, and Centers for Medicare and Medicaid Services (CMS). Data on marital and smoking status[10](#jah33964-bib-0010){ref-type="ref"} were obtained from VA records only. Initial dialysis characteristics, including modality and access type, were obtained from USRDS files only. Preexisting comorbidity information at the time of transition was extracted from VA and CMS databases using *International Classification of Diseases, Ninth Revision* (*ICD‐9*), Diagnostic and Procedural codes and Current Procedural Terminology codes as guided by those listed in the Deyo Charlson Comorbidity Index and CMS Chronic Conditions. The presence of comorbidities was determined using a 1 inpatient or 2 outpatient visit algorithm. The Charlson Comorbidity Index was calculated without renal disease. The presence of cardiovascular disease (CVD) was determined as the presence of any prior atrial fibrillation, ischemic heart disease, myocardial infarction (MI), congestive heart failure (CHF), peripheral vascular disease, or cerebrovascular disease.

Data on most pre‐ESRD (prelude) laboratory measurements were sourced from VA databases. Serum creatinine data and, thus, estimated glomerular filtration rate within the past 90 days before transition were obtained from the VA Corporate Data Warehouse LabChem file and the USRDS CMS 2728 Medical Evidence form. Other serum laboratory measurements, including lipid panel, were obtained from the VA Decision Support System National Data Extracts Laboratory Results file, whereas body mass index and blood pressures were obtained from the VA Corporate Data Warehouse Vital Signs file. With the exception of estimated glomerular filtration rate, for which a single measurement was used, laboratory measurements within the baseline 1 year prelude period were averaged.

Exposure Measurement {#jah33964-sec-0012}
--------------------

Both inpatient and outpatient medication data were sourced from CMS Medicare Part D and VA pharmacy dispensation records.[11](#jah33964-bib-0011){ref-type="ref"} Lipid‐lowering drugs, including statins, were extracted using specific VA drug class codes and names. Patients covered with prescriptions for at least half of the 1 year before transition to ESRD were characterized as receiving statin therapy. Patients with medication prescriptions for other treatments in the 1 year prelude period, yet not prescribed statin therapy during the same time period, were categorized as not receiving statin therapy. Patients covered with prescriptions for statin therapy for less than half of the year were excluded from our main analyses.

Outcome Assessment {#jah33964-sec-0013}
------------------

The primary outcomes were all‐cause and cardiovascular mortality in the first 12 months after transition to ESRD. The secondary outcome was hospitalization incidence in the first 12 months after transition to ESRD.

All data on all outcomes and censoring events were obtained from USRDS, VA, and CMS data sets. Follow‐up started at ESRD initiation until death, kidney transplantation, lost to follow‐up, end of the 12‐month follow‐up period, or date of administrative censoring, whichever occurred first. The last date of follow‐up was September 2, 2014, or June 30, 2014, for all‐cause events or cardiovascular mortality, respectively.

Cardiovascular causes of death, including MI, cardiac arrest, CHF, valvular heart disease, cardiac arrhythmia, cardiomyopathy, pericarditis, cerebrovascular event, pulmonary embolus, and atherosclerotic heart disease, were obtained from USRDS records only.

Cardiovascular mortality was examined in a subset of patients with an available and known cause of death from USRDS files. The subset cohort included 42 771 and 37 729 patients for 12‐month and 7‐year cardiovascular mortality, respectively.

Statistical Analysis {#jah33964-sec-0014}
--------------------

Baseline patient characteristics were presented as mean±SD or median (25th--75th percentile) for continuous variables and proportions for categorical variables, as appropriate. Standardized differences were used to compare characteristics between statin therapy groups.[12](#jah33964-bib-0012){ref-type="ref"}

For all analyses, nonreceipt of statin therapy served as the referent group. Cox proportional hazard models were used to examine the association of statin therapy with 12‐month posttransition all‐cause mortality and cardiovascular mortality. Moreover, we examined the association of statin therapy with 12‐month posttransition hospitalization incidence rate using a negative binomial regression model.

All associations were examined in unadjusted and adjusted models, which included adjustment for demographics (age, sex, race, and ethnicity) and the following comorbidities: Charlson Comorbidity Index, diabetes mellitus, atherosclerotic CVD (defined as the presence of MI, peripheral vascular disease, or ischemic heart disease), atrial fibrillation, CHF, and cerebrovascular disease. Moreover, we performed separate adjustments for indicators of pre‐ESRD care, including initial access type and VA or CMS nephrology outpatient visits in the year before ESRD transition (use of nephrology services). Furthermore, we examined associations of statin therapy with all outcomes across a priori selected subgroups. Formal tests of interactions were performed using Wald\'s test under the adjusted model. Among all patients with any statin therapy in the pre‐ESRD period (n=35 604), we modeled statin therapy exposure as the total number of days in association with mortality outcomes using restricted cubic splines with best placed knots at the 5th, 35th, 65th, and 95th percentiles of exposure.

In sensitivity analyses, we also examined associations in patients with available and complete laboratory information in the past 1 year before transition. Models were additionally adjusted for smoking status, last estimated glomerular filtration rate before transition, and the following averaged laboratory variables: body mass index, serum hemoglobin, albumin, calcium, white blood cell count, bicarbonate, and blood urea nitrogen. We also examined associations for all outcomes for up to 7 years of follow‐up. Finally, we calculated propensity scores (PS) for bias reduction as well as account for patient differences between groups. The PS was calculated as the probability of statin therapy given by the covariates from our adjusted model. We then used the PS for our mortality analyses, including PS matching (n=19 364 patients in each arm), PS adjustment in the overall cohort, and PS stratification in the overall cohort using a doubly robust estimation approach.[13](#jah33964-bib-0013){ref-type="ref"}

The proportionality assumption was checked using plots of log (−log\[survival rate\]) against log(survival time). Data on demographic and comorbid conditions used in analyses were missing for \<0.40% of the cohort and imputed using means or missing categories. All analyses were conducted using SAS Enterprise Guide (7.1) (Cary, NC) and Stata 15 (College Station, TX).

Results {#jah33964-sec-0015}
=======

The study cohort comprised 47 720 patients, and their mean±SD age was 71±11 years (Table [1](#jah33964-tbl-0001){ref-type="table"}). The cohort also included 4% women, 23% blacks, 66% diabetics, and 78% patients with CVD. Overall, 54% of the cohort was prescribed statin therapy before ESRD initiation. Patients were prescribed statin therapy for an average of 277±45 (median \[25th--75th percentile\], 278 \[247--314\]) days in the year before transition to ESRD. Patients receiving statin therapy were more likely to have diabetes mellitus; have CVD history, including ischemic heart disease, MI, CHF, peripheral vascular disease, and cerebrovascular disease; use an arteriovenous fistula during initial dialysis treatment; and have greater use of VA nephrology services in the year before transition. They were also less likely to be black and had a lower prevalence of liver disease.

###### 

Baseline Characteristics of 47 720 Patients Stratified by Use of Statin Therapy Before ESRD Transition

  Characteristics                                                              Total              Statin Therapy     No Statin Therapy   Standardized Difference
  ---------------------------------------------------------------------------- ------------------ ------------------ ------------------- -------------------------
  Cardiovascular disease, %                                                                                                              
  No                                                                           22                 14                 30                  0.38
  Yes                                                                          78                 86                 70                  0.09
  Atrial fibrillation                                                          17                 18                 15                  0.07
  ISHD                                                                         59                 68                 48                  0.41
  MI                                                                           26                 31                 20                  0.26
  CHF                                                                          55                 61                 49                  0.24
  PVD                                                                          38                 44                 32                  0.25
  Cerebrovascular disease                                                      31                 36                 26                  0.23
  Age, y                                                                       71±11              72±10              71±12               0.14
  Aged \<65 y, %                                                               29                 25                 33                  −0.16
  Aged 65--\<75 y, %                                                           27                 29                 25                  0.09
  Aged ≥75 y, %                                                                44                 46                 43                  0.07
  Female sex, %                                                                4                  3                  5                   −0.09
  Race, %                                                                                                                                
  White                                                                        73                 76                 69                  0.16
  Black                                                                        23                 20                 27                  −0.16
  Other                                                                        4                  4                  5                   −0.01
  Hispanic ethnicity, %                                                        6                  6                  6                   0.01
  Married status, %                                                            60                 62                 58                  0.08
  CCI                                                                          4 (2--6)           4 (3--6)           3 (2--5)            0.24
  Comorbidities, %                                                                                                                       
  Diabetes mellitus                                                            66                 74                 57                  0.37
  Anemia                                                                       72                 74                 69                  0.12
  Depression                                                                   22                 23                 22                  0.04
  Hyperlipidemia                                                               78                 91                 63                  0.71
  COPD                                                                         42                 45                 39                  0.12
  Peptic ulcer disease                                                         7                  7                  7                   −0.02
  Liver disease                                                                11                 8                  15                  −0.22
  Cancer                                                                       24                 24                 25                  −0.02
  Smoking status, %                                                                                                                      
  Never                                                                        30                 30                 30                  0.11
  Current                                                                      35                 33                 37                  
  Past                                                                         35                 37                 32                  
  eGFR at initiation, mL/min per 1.73 m^2^                                     10.1 (7.3--13.8)   10.3 (7.6--13.9)   9.8 (7.0--13.6)     0.00
  1 year Averaged lipids, mg/dL                                                                                                          
  HDL                                                                          40±14              39±13              41±15               −0.10
  LDL                                                                          85±35              80±32              94±38               −0.40
  Cholesterol                                                                  155±46             149±42             165±50              −0.35
  Triglycerides                                                                124 (87--181)      127 (89--182)      120 (84--181)       0.01
  Initial dialysis modality, %                                                                                                           
  Hemodialysis                                                                 82                 83                 81                  0.06
  Peritoneal dialysis                                                          5                  5                  5                   
  Other/unknown                                                                12                 12                 13                  
  Initial access type, %                                                                                                                 
  Arteriovenous fistula/arteriovenous graft                                    21                 23                 19                  0.10
  CVC                                                                          70                 68                 72                  
  Other                                                                        9                  9                  10                  
  Pre‐ESRD nephrology visits                                                                                                             
  Any VA or CMS physician nephrology visits in the year before transition, %   69                 72                 66                  0.14
  No. of VA or CMS physician nephrology visits in the year before transition   3 (0--8)           4 (0--8)           3 (0--7)            0.07
  Any VA nephrology visits in the year before transition, %                    33                 39                 28                  0.24
  No. of VA nephrology visits in the year before transition                    0 (0--2)           0 (0--3)           0 (0--1)            0.23
  Any CMS physician nephrology visits in the year before transition, %         43                 42                 44                  −0.05
  No. of CMS physician nephrology visits in the year before transition         0 (0--5)           0 (0--5)           0 (0--5)            −0.04

Data are presented as proportion, mean±SD, or median (25th--75th percentile), where appropriate, and compared between groups using standardized differences. Standardized differences of ≥0.2 are considered as a meaningful imbalance, where 0.8, 0.5, and 0.2 represent large, medium, and small imbalances, respectively. CCI indicates Charlson Comorbidity Index; CHF, congestive heart failure; CMS, Centers for Medicare and Medicaid Services; COPD, chronic obstructive pulmonary disease; CVC, central venous catheter; eGFR, estimated glomerular filtration rate; ESRD, end‐stage renal disease; HDL, high‐density lipoprotein; ISHD, ischemic heart disease; MI, myocardial infarction; LDL, low‐density lipoprotein; PVD, peripheral vascular disease; VA, Veterans Affairs.

Association of Statin Therapy With All‐Cause and Cardiovascular Mortality {#jah33964-sec-0016}
-------------------------------------------------------------------------

Over 12 months of follow‐up, there were 13 411 all‐cause deaths, with an incidence rate (95% CI) of 35.3 (34.7--35.8) deaths per 100 person‐years. Patients who received statin therapy in the year before transition had a lower crude all‐cause mortality rate over the 12‐month follow‐up period compared with those who did not receive statin therapy (33.1 \[95% CI, 32.3--33.8\] versus 37.9 \[95% CI, 37.0--38.8\] per 100 person‐years, respectively). In survival analyses, patients who received statin therapy had a 12% lower all‐cause mortality risk in the unadjusted model (hazard ratio (HR), 0.88 \[95% CI, 0.85--0.91\]), which was slightly strengthened after adjustment for demographics and comorbidities (HR \[95% CI\], 0.79 \[0.76--0.82\]) (Table [Table 2](#jah33964-tbl-0002){ref-type="table"}). Moreover, there were no differences observed in the comparison of crude cardiovascular mortality rates and in the unadjusted Cox model. However, in adjusted models, patients receiving statin therapy had a 17% lower risk of cardiovascular death (HR \[95% CI\], 0.83 \[0.78--0.88\]) (Table [Table 2](#jah33964-tbl-0002){ref-type="table"}).

###### 

Association of Pre‐ESRD Statin Therapy (vs No Statin Therapy) With Posttransition 12‐Month Mortality and Hospitalizations

  Variable                    No. of Patients            Unadjusted             Adjusted                                  
  --------------------------- ----------------- -------- ---------------------- ---------- ------------------- ---------- -------------------
  All‐cause mortality                                                                                                     
  Total                       47 720            13 411   35.3 (34.7--35.8)      \<0.0001   0.88 (0.85--0.91)   \<0.0001   0.79 (0.76--0.82)
  No                          22 151            6541     37.9 (37.0--38.8)                                                
  Yes                         25 569            6870     33.1 (32.3--33.8)                                                
  Cardiovascular mortality                                                                                                
  Total                       42 771            4373     12.3 (11.9--12.7)      0.7069     0.99 (0.93--1.05)   \<0.0001   0.83 (0.78--0.88)
  No                          19 696            1994     12.4 (11.9--12.9)                                                
  Yes                         23 075            2379     12.2 (11.7--12.7)                                                
  Hospitalization incidence                                                                                               
  Total                       47 720            79 144   208.0 (206.6--209.5)   0.077      0.98 (0.95--1.00)   \<0.0001   0.89 (0.87--0.92)
  No                          22 151            36 167   209.5 (207.4--211.7)                                             
  Yes                         25 569            42 977   206.8 (204.8--208.8)                                             

Adjusted covariates included age, sex, race, and ethnicity as well as the following comorbidities: Charlson Comorbidity Index, diabetes mellitus, atherosclerotic cardiovascular disease (defined as the presence of myocardial infarction, peripheral vascular disease, or ischemic heart disease), atrial fibrillation, congestive heart failure, and cerebrovascular disease. Hazard ratios (HR) and incidence rate ratios (IRR) are presented for mortality and hospitalization outcomes, respectively. ESRD indicates end‐stage renal disease.

Association of Statin Therapy With Hospitalization Rate {#jah33964-sec-0017}
-------------------------------------------------------

Over the first 12 months post‐ESRD transition, patients who received statin therapy in the 1 year before ESRD transition had a lower overall rate of hospitalizations compared with patients who did not receive statin therapy (rate \[95% CI\], 206.8 \[204.8--208.8\] versus 209.5 \[207.4--211.7\] hospitalizations per 100 patient‐years, respectively). Patients receiving statin therapy had a lower hospitalization rate, persisting in all models (adjusted incidence rate ratio \[95% CI\]), 0.89 \[0.87--0.92\]) (Table [Table 2](#jah33964-tbl-0002){ref-type="table"}).

Subgroup Analyses {#jah33964-sec-0018}
-----------------

Across all strata, receipt of statin therapy compared with no receipt of statin therapy was associated with a lower risk of all outcomes ([Figure](#jah33964-fig-0001){ref-type="fig"}, Table [S1](#jah33964-sup-0001){ref-type="supplementary-material"}). For both all‐cause and cardiovascular mortality, lower HRs with statin therapy were observed for younger patients (*P*‐interaction\<0.0001 for all‐cause mortality; *P*‐interaction=0.03 for cardiovascular mortality) and nondiabetic patients (*P*‐interaction=0.02 for all‐cause mortality; *P*‐interaction=0.011 for cardiovascular mortality). A similar effect of younger age was observed for hospitalization incidence rate (*P*‐interaction=0.0003). Moreover, effect modification by black race was observed for mortality outcomes, whereby black patients compared with non‐black patients had a lower death HR for statin therapy versus no statin therapy. There was also effect modification by CVD, for which a lower death HR and a lower incidence rate ratio were observed in patients without CVD for those who received statin therapy. Subgroup analyses by decomposed CVD are presented in Figure [S2](#jah33964-sup-0001){ref-type="supplementary-material"} and showed similar results; within all subgroups, patients who received statin therapy had a lower estimate of event, compared with that of those who did not receive statin therapy. However, with the exception of atrial fibrillation, for both outcomes of all‐cause mortality and hospitalization rate, we observed effect modification by all individual CVDs where a lower risk was observed for patients without the CVD comorbidity. Effect modification was present for CHF, peripheral vascular disease, and atherosclerotic CVD for the cardiovascular mortality outcome only. Presence of liver disease also impacted the all‐cause mortality risk and hospitalization incidence rates, whereby the HR and incidence rate ratio, respectively, for patients who received statin therapy were lower in those with versus without liver disease. Smoking and 1‐year averaged prelude low‐density lipoprotein level did not modify the association of statin therapy with outcomes.

![Associations of pre--end‐stage renal disease statin therapy vs no statin therapy with 12‐month all‐cause mortality, cardiovascular mortality, and hospitalization incidence rate in a priori selected subgroups. Adjusted covariates included age, sex, race, and ethnicity as well as the following comorbidities: Charlson Comorbidity Index, diabetes mellitus, atherosclerotic cardiovascular disease (CVD; defined as the presence of myocardial infarction, peripheral vascular disease, or ischemic heart disease), atrial fibrillation, congestive heart failure, and cerebrovascular disease. LDL, low‐density lipoprotein; P‐Int, p‐value for interaction.](JAH3-8-e011869-g001){#jah33964-fig-0001}

Sensitivity Analyses {#jah33964-sec-0019}
--------------------

Associations of statin therapy with a longer follow‐up for 7‐year outcomes were similar to findings in the main analyses (Figure [S3](#jah33964-sup-0001){ref-type="supplementary-material"}), including hospitalization incidence rate ratio (0.90 \[95% CI, 0.88--0.92\]). Similar associations were observed after additional adjustment for pre‐ESRD care indexes, including initial vascular access type and nephrology use for both all‐cause and cardiovascular mortality outcomes, as well as hospitalization rate (Table [S2](#jah33964-sup-0001){ref-type="supplementary-material"}). When modeled as a continuous variable, the number of days of statin therapy exposure showed a graded and inverse association with mortality outcomes (reference, 182 days), among a larger cohort of patients with any receipt of statin therapy in the pre‐ESRD period. A longer amount of time receiving pre‐ESRD statin therapy (more than half a year) was associated with a lower risk of all‐cause and cardiovascular mortality (Figure [S4A and S4B](#jah33964-sup-0001){ref-type="supplementary-material"}).

Furthermore, although data on laboratory measurements were limited, serum levels of albumin, white blood cell count, blood urea nitrogen, and hemoglobin were comparable between the statin therapy and no statin therapy groups (Table [S3](#jah33964-sup-0001){ref-type="supplementary-material"}). However, for patients receiving statin therapy, body mass index and serum bicarbonate and calcium levels were higher, compared with patients receiving no statin therapy. Nonetheless, associations were similar and only slightly attenuated after additional adjustment for these markers (Table [S4](#jah33964-sup-0001){ref-type="supplementary-material"}) in analysis restricted to patients with complete laboratory and smoking information. Patients included in this sensitivity analysis had similar characteristics to those excluded, with the exception that they had a greater use of nephrology services, in particular within the VA, and hence also had more of these VA‐drawn laboratory measurements available (Table [S5](#jah33964-sup-0001){ref-type="supplementary-material"}).

Finally, we observed similar associations between statin therapy compared to no statin therapy and mortality outcomes across a series of PS analyses. In matched analyses, both statin therapy and no statin therapy groups were similar in baseline patient characteristics (Table [S6](#jah33964-sup-0001){ref-type="supplementary-material"}). After adjustment, statin therapy was associated with a 20% lower risk of both all‐cause and cardiovascular mortality compared with no statin therapy, in matched analyses (Table [S7](#jah33964-sup-0001){ref-type="supplementary-material"}). Moreover, this relationship of statin therapy and lower risk of all‐cause and cardiovascular mortality was similar in PS adjustment models and stratification by PS tertiles.

Discussion {#jah33964-sec-0020}
==========

In a contemporary cohort of 47 720 veterans with incident ESRD, patients prescribed statin therapy for at least half of the year before ESRD transition had a lower risk of both all‐cause and cardiovascular mortality and a lower hospitalization incidence rate in the first 12 months after ESRD initiation. This relationship was consistent across strata of clinical characteristics, during longer periods of follow‐up, after further adjustment for laboratory measures, pre‐ESRD care indexes, and PS analyses.

Associations of pre‐ESRD statin therapy compared with no statin therapy with clinical outcomes in the first year after transition to ESRD exhibited heterogeneous protective effects across a priori selected subgroups. There was a progressive decline in favorable outcomes observed with statin therapy with advancing age, particularly among patients aged ≥75 years. This is supported by previous randomized trials that reported similar data.[14](#jah33964-bib-0014){ref-type="ref"} Furthermore, a meta‐regression of randomized controlled statin trials showed that statins may have a decreased to null effect on all‐cause mortality and cardiovascular events in populations with higher noncardiovascular mortality risk.[15](#jah33964-bib-0015){ref-type="ref"} Older patients receiving dialysis have a marked excess of noncardiovascular mortality risk.[16](#jah33964-bib-0016){ref-type="ref"} Appropriate lipid management in elderly patients, including those transitioning to dialysis, is a complex issue that merits further investigation.[17](#jah33964-bib-0017){ref-type="ref"}

Paradoxically, despite the fact that in the general population, diabetes mellitus and CVD are strong risk factors indicating a recommendation for statin treatment, in this cohort of patients transitioning to ESRD, the statin benefit was stronger in patients without these comorbidities. This observation is consistent with a meta‐analysis of randomized clinical trials showing a trend toward diminished benefit of statins in patients with diabetes mellitus compared with those without diabetes mellitus in terms of coronary death.[18](#jah33964-bib-0018){ref-type="ref"} One potential explanation for these findings may be that patients with advanced CKD and preexisting CVD or diabetes mellitus have more advanced vascular disease, which renders statin therapy to be less effective in altering outcomes. Diabetes mellitus and CVD have both been associated with reduced endothelial function, and statin‐mediated vascular responsiveness may be lower in more advanced disease.[19](#jah33964-bib-0019){ref-type="ref"}, [20](#jah33964-bib-0020){ref-type="ref"}, [21](#jah33964-bib-0021){ref-type="ref"}, [22](#jah33964-bib-0022){ref-type="ref"}, [23](#jah33964-bib-0023){ref-type="ref"} In addition, statins are involved in stabilizing plaques with soft lipid cores.[24](#jah33964-bib-0024){ref-type="ref"} Patients with diabetes mellitus and CVD comorbidity may have more fibrous plaques and medial calcification that are less vulnerable and may benefit less from statin‐induced plaque stabilization.[25](#jah33964-bib-0025){ref-type="ref"}, [26](#jah33964-bib-0026){ref-type="ref"} However, future studies will need to evaluate these findings in more detail. Our data also show a stronger impact of statin therapy on outcomes in blacks compared with nonblacks. Previous studies have shown similar results in hypertensive patients[27](#jah33964-bib-0027){ref-type="ref"} and in transplant patients.[28](#jah33964-bib-0028){ref-type="ref"} Moreover, our group has also shown that blacks have better nutritional status at the transition to dialysis and, consequently, better survival.[29](#jah33964-bib-0029){ref-type="ref"} We have also shown that black US veterans were found to have better survival across stages of kidney disease.[30](#jah33964-bib-0030){ref-type="ref"}, [31](#jah33964-bib-0031){ref-type="ref"}, [32](#jah33964-bib-0032){ref-type="ref"} One potential explanation was related to the fact that black patients have less calcified atherosclerotic lesions, potentially allowing them to be more responsive to statin therapy.[33](#jah33964-bib-0033){ref-type="ref"}, [34](#jah33964-bib-0034){ref-type="ref"}, [35](#jah33964-bib-0035){ref-type="ref"} Additional studies will be needed to establish whether the survival advantage of statin therapy in blacks is related to a racial difference in response to this treatment versus better overall nutritional status given that malnourished patients are less responsive to statin therapy.[17](#jah33964-bib-0017){ref-type="ref"}

Patients with liver disease in our cohort had a greater benefit from statin therapy. This is supported by clinical trials in the general population reporting comparable findings.[36](#jah33964-bib-0036){ref-type="ref"}, [37](#jah33964-bib-0037){ref-type="ref"} Older guidelines state that chronic liver disease is an absolute contraindication for statin therapy.[38](#jah33964-bib-0038){ref-type="ref"} However, a recent analysis found statins to be effective and safe in patients with chronic liver disease.[39](#jah33964-bib-0039){ref-type="ref"} Our findings suggest that pre‐ESRD statin therapy may be beneficial among patients with liver disease and transitioning to ESRD.

Last, we have also found that the results of our associations are similar whether the patients achieved a target low‐density lipoprotein cholesterol level of 70 mg/dL or not. These findings support the "fire and forget" strategy of some of the guidelines, in which patients at high risk for cardiovascular outcomes are prescribed statins without further testing or dose adjustment for achievement of lipid‐lowering goals.[3](#jah33964-bib-0003){ref-type="ref"}, [40](#jah33964-bib-0040){ref-type="ref"}

In our cohort, patients who received statins also had a lower incidence rate of hospitalization in the 12 months after transition. Data on veterans transitioning to ESRD showed that the top 2 causes of hospitalization after transition for dialysis patients are septicemia and complications of arteriovenous grafts.[2](#jah33964-bib-0002){ref-type="ref"} Previous studies have also shown that treatment with statins was associated with a lower risk of both arteriovenous graft failure[41](#jah33964-bib-0041){ref-type="ref"} and hospitalization for sepsis in dialysis patients.[42](#jah33964-bib-0042){ref-type="ref"} The former has also been observed in post hoc analyses of SHARP trial patients, but when combined with another clinical trial, this was not shown to be statistically significant.[43](#jah33964-bib-0043){ref-type="ref"} Hospitalizations for cardiovascular events and revascularization in dialysis patients may be comparatively overshadowed by the frequency of hospitalizations attributable to septicemia or graft complications, particularly in the first months after transition. In our cohort, equally for patients receiving statin therapy and not receiving statin therapy, septicemia was the second most frequently listed primary cause of hospitalization admission in the first 12 months post‐ESRD transition (Table [S8](#jah33964-sup-0001){ref-type="supplementary-material"}). Although a post hoc analysis of the SHARP trial showed no difference in adverse events between study arms, there was no analysis that examined differences in septicemia in dialysis patients.[44](#jah33964-bib-0044){ref-type="ref"} Previous studies have speculated that statins may also exhibit anti‐inflammatory and antioxidant properties, which may explain differences in these noncardiovascular outcomes.[42](#jah33964-bib-0042){ref-type="ref"}, [45](#jah33964-bib-0045){ref-type="ref"}, [46](#jah33964-bib-0046){ref-type="ref"} Associations of statin treatment before ESRD transition and its impact on the risk of individual cardiovascular and noncardiovascular events after transition should be further examined.

Our study finding that treatment with a statin before the transition to ESRD is associated with a lower risk of adverse outcomes supports the recommendations by the Kidney Disease: Improving Global Outcomes guidelines[3](#jah33964-bib-0003){ref-type="ref"} and the American College of Cardiology guidelines.[4](#jah33964-bib-0004){ref-type="ref"}, [40](#jah33964-bib-0040){ref-type="ref"} Kidney Disease: Improving Global Outcomes recommendations for statin therapy have been mostly based on the results of the SHARP trial,[5](#jah33964-bib-0005){ref-type="ref"} which included men and women aged ≥40 years with a history of CKD or of receiving dialysis and excluded patients with a history of MI or coronary revascularization or a definite history of chronic liver disease. As opposed to the SHARP trial, our cohort did include patients with prior MI or liver disease, and we separately analyzed patients who transitioned to ESRD. Our study should be noted for its large sample size and event numbers and for its use of both CMS and VA data to ascertain medication use, comorbidities, and outcomes.

However, there are several potential limitations to this study. We adjusted for only known and available confounders in our analyses; however, residual confounding cannot be completely eliminated, and a causal relationship cannot be inferred because of the observational study design. Patients categorized as not receiving statin therapy may have had medication compliance or adherence problems, which are associated with higher mortality risk in this cohort.[47](#jah33964-bib-0047){ref-type="ref"} In addition, we excluded patients without medication data in the 1 year before ESRD transition, which may be a source of selection bias. Our analysis used a prevalent‐user design, and we were unable to evaluate if patients not receiving statin therapy discontinued medications because of intolerance or other adverse effects. Because of a high level of missing lipid and other laboratory measurements, we were unable to include these factors in our main multivariable model and we could not examine other potential confounder laboratory markers. However, in subgroup analyses among patients with low‐density lipoprotein measurements, we did not observe effect modification in the statin‐outcome relationship; and in sensitivity analysis models that included laboratory variables, similar results were also observed. Finally, these findings were limited by the source population of mostly older male veterans, thus potentially limiting generalizability to women.

Our study is clinically relevant because it directly supports the recommendation of treatment with statin therapy in all patients with NDD‐CKD in the pre‐ESRD stage and shows that the benefit of statins is extended after the initiation of dialysis therapy. Management of pre‐ESRD patients by nephrologists is an essential factor in patient survival after initiation of dialysis.[48](#jah33964-bib-0048){ref-type="ref"}, [49](#jah33964-bib-0049){ref-type="ref"}, [50](#jah33964-bib-0050){ref-type="ref"}, [51](#jah33964-bib-0051){ref-type="ref"} Use of renin‐angiotensin‐aldosterone system blockade,[52](#jah33964-bib-0052){ref-type="ref"} recombinant human erythropoietin,[53](#jah33964-bib-0053){ref-type="ref"} predialysis care by dietitians,[54](#jah33964-bib-0054){ref-type="ref"} and a functioning arteriovenous fistula[55](#jah33964-bib-0055){ref-type="ref"} have been shown to decrease mortality after the initiation of the dialysis and are recommended. In our study, we additionally adjusted for factors related to pre‐ESRD care, such as vascular access at initiation and use of nephrology services, which showed similar associations to those of our main results. This suggests that our observations were independent of these pre‐ESRD care markers and further supports the use of statin therapy in patients with NDD‐CKD. Consequently, slightly less than half of our cohort did not receive adequate statin therapy, according to guideline recommendations. Thus, in concordance with current guidelines that support treatment with statin therapy in patients with NDD‐CKD, the results of this study support a recommendation of treatment with statin therapy as it applies to predialysis management.

In conclusion, our study provides support for guideline recommendation of statin therapy for all adult patients with NDD‐CKD and specifically identifies the benefit of statin therapy in pre‐ESRD patients. Further studies are needed to identify methods for better implementation of the current guidelines.
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